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(54) PIEZOELECTRIC TRANSFORMER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To easily provide a piezoelectric transformer that 
achieves a large boost ratio and at the same time has a proper load output 
characteristic. 

SOLUTION: A piezoelectric transformer has a first piezoelectric transformer 
element 10 made of a piezoelectric ceramic and a second piezoelectric transformer 
element 20 made of a single crystal. Then, one input electrode 2a of the second 
piezoelectric transformer element 20 is connected to an output electrode 3 of the 
first piezoelectric transformer element 10, an input voltage Vi is inputted between 
the input electrodes 2a and 2b of the first piezoelectric transformer element 10, 
the output voltage of the first piezoelectric transformer element 10 is applied 
between the input electrodes 2a and 2b of the second piezoelectric transformer 
element 20, and a boosted output voltage Vo is outputted from the output 
electrode 3 of the second piezoelectric transformer 20. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The piezoelectric transformer characterized by consisting of the 1st piezoelectric transformer component of the 
die-length oscillation mode which consists of a piezo-electric ceramic, and the 2nd piezoelectric transformer component of 
the die-length oscillation mode which consists of a single crystal, connecting said 2nd piezoelectric transformer component 
to the output side of said 1st piezoelectric transformer component, inputting input voltage into said 1st piezoelectric 
transformer component, and outputting output voltage from said 2nd piezoelectric transformer component. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the piezoelectric transformer used for the inverter for back lights of a liquid 

crystal display, the inverter for fluorescence tubing lighting, etc. 

[0002] 

[Description of the Prior Art] Conventionally, as this kind of piezoelectric transformer is shown in drawing 3 , 
input-electrode 2a and 2b are countered and formed in both the principal planes of the single-sided half section of the 
die-length direction of the rectangle plate-like piezo-electric plate 1. As an arrow head PI shows, polarization of the part in 
which the output electrode 3 was formed in the end face of the die-length direction of the other side, and input-electrode 2a 
used as an input side and 2b were formed is carried out in the thickness direction, and as an arrow head P2 shows, 
polarization of the single-sided half section of the other side used as an output side is carried out in the die-length direction. 
As for the piezo-electric plate 1, for example, the piezo-electric ceramic ingredient is used. 
[0003] Using the primary secondary oscillation mode of the die-length direction called the so-called Rosen mold 
piezoelectric transformer, as shown in drawing 4 , this piezoelectric transformer impresses input voltage Vi between 
input-electrode 2a and 2b, and it is constituted so that the output voltage Vo the pressure up was carried out [ the output 
voltage ] by the operation of the piezo-electric effect and an inverse piezoelectric effect from the output electrode 3 may be 
taken out. Such a pressure-up ratio of a piezoelectric transformer is mostly determined by the ratio of an input impedance 
and an output impedance. 

[0004] The load characteristic of the output (pressure-up ratio) has the suitable property for the impedance and necessary 
applied voltage before and behind lighting (discharge) of a cold cathode tube, for example, such a piezoelectric transformer 
is used for the lighting circuit of the cold cathode tube for the back lights of a . liquid crystal display. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in the piezoelectric transformer which consists of the above-mentioned 
conventional piezo-electric ceramic, although a big pressure-up ratio (about about 100 times) can be obtained like [ at the 
time of lighting of a cold cathode tube ] when load impedance RL is high (about 10 M omega) the lighting back of a cold 
cathode tube ~ like - time load impedance RL is low (50Kohm-100Kohm) - a pressure-up ratio - being small (about about 
10 times) - there was a case where a desired pressure-up ratio (output voltage) was not obtained. 
[0006] Moreover, in the piezoelectric transformer which consists of a single crystal with a high impedance, although 
fluctuation of the pressure-up ratio by change of load impedance was small, there was a problem that it was difficult to take 
the large ratio of an input impedance and an output impedance, and it could not obtain a desired pressure-up ratio. 
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[0007] Then, the purpose of this invention is to offer the piezoelectric transformer which has suitable load output 

characteristics while being able to obtain a big pressure-up ratio easily. 

[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the piezoelectric transformer concerning 
this invention The 1st piezoelectric transformer component of the die-length oscillation mode which consists of a 
piezo-electric ceramic, It consists of the 2nd piezoelectric transformer component of the die-length oscillation mode which 
consists of a single crystal. Said 2nd piezoelectric transformer component is connected to the output side of said 1st 
piezoelectric transformer component, input voltage is inputted into said 1st piezoelectric transformer component, and it is 
characterized by outputting output voltage from said 2nd piezoelectric transformer component. 

[0009] According to the above-mentioned configuration, two piezoelectric transformer components are connected to a serial, 
the 1st piezoelectric transformer component into which input voltage is inputted is formed with a piezo-electric ceramic with 
a low impedance, and the 2nd piezoelectric transformer component to which output voltage is outputted is formed with the 
single crystal with a high impedance, and like [ at the time of lighting of a cold cathode tube ], also when load impedance is 
as low as 50Kohm-100Kohm, it can obtain a big pressure-up ratio compared with the conventional thing. 
[0010] Moreover, it is constituted using two kinds of ingredients which a property is large and are different, and the proper 
impedance according to the property of loads, such as a cold cathode tube, can be set up. 

[001 1] That is, according to the piezoelectric transformer concerning this invention, a desired pressure-up ratio can be easily 
obtained only by connecting to a serial two piezoelectric transformer components which an impedance is large and are 
different. 
[0012] 

[Embodiment of the Invention] Hereafter, this invention is explained based on the drawing in which the example is shown. 
[0013] The configuration of the piezoelectric transformer concerning the 1st example of this invention is shown in drawing 
I . The piezoelectric transformer of this example is equipped with the 1st piezoelectric transformer component 10 and the 
2nd piezoelectric transformer component 20 as shown in drawing 1 , and one input-electrode 2a of the 2nd piezoelectric 
transformer component 20 is connected to the output electrode 3 of the 1st piezoelectric transformer component 10. 
[0014] And input voltage Vi is inputted between input-electrode 2a of the 1st piezoelectric transformer component 10, and 
2b, and the output voltage of the 1st piezoelectric transformer component 10 is impressed between input-electrode 2a of the 
2nd piezoelectric transformer component 20, and 2b, and it is constituted so that the output voltage Vo by which the pressure 
up was carried out from the output electrode 3 of the 2nd piezoelectric transformer 20 may be outputted. 
[0015] The piezo-electric plate 1 1 with which the 1st piezoelectric transformer component 10 consists of piezo-electric 
ceramic ingredients, such as a titanic-acid lead zirconate system, is used. The piezo-electric plate 21 with which the 2nd 
piezoelectric transformer component 20 consists of a piezoelectric ingredient of the single crystal of LiNb03 and LiTa03 
grade is used. Like what was shown in each piezo-electric plate 1 1 and 21 by drawing 3 of the conventional example, 
input-electrode 2a and 2b are formed in both the principal planes of the abbreviation one side half section, and the output 
electrode 3 is formed in the end face of the die-length direction of the other side. With the 1st piezoelectric transformer 
component 10, polarization of the part in which input-electrode 2a and 2b were formed is carried out in the thickness 
direction, and polarization of the single-sided half section of the other side is carried out in the die-length direction. On the 
other hand, with the 2nd piezoelectric transformer component 20, a cut angle with k33 and k3 1 is selected, for example, 
when it is LiNb03, 128-133 degreeY cut plate is used. [ big ] 

[0016] That is, the 2nd piezoelectric transformer component 20 of the die-length oscillation mode which becomes the output 
side of the 1st piezoelectric transformer component 10 of the die-length oscillation mode which consists of a piezo-electric 
ceramic with a low impedance from a single crystal with a high impedance is connected, and the piezoelectric transformer of 
this example inputs input voltage Vi into the 1st piezoelectric transformer component 10, and it is constituted so that output 
voltage Vo may be outputted from the 2nd piezoelectric transformer component 20. 

[0017] Usually, the impedance of the piezoelectric transformer component which consists of a single crystal is about about 
50 to 100 times of the impedance of the piezoelectric transformer component which consists of a piezo-electric ceramic. 
[0018] When the 1st and 2nd piezoelectric transformer components are formed with the veneer in the piezoelectric 
transformer of this example, Although a pressure-up ratio in case the load impedance RL equivalent to the impedance at the 
time of lighting of a cold cathode tube is 10 M omega is the almost same pressure-up ratio as about about 100 times and the 
piezoelectric transformer of the conventional piezo-electric ceramic simple substance When the load impedance RL 
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equivalent to the impedance after lighting of a cold cathode tube was lOOKohm, it was able to become an about 20 times as 
many pressure-up ratio as this, and compared with the conventional thing, the twice [ about ] as many pressure-up ratio as 
this was able to be obtained. 

[0019] Next, the configuration of the piezoelectric transformer concerning the 2nd example of this invention is shown in 
drawing 2 . One input-electrode 2a of the 2nd piezoelectric transformer component 20 which consists of a single crystal is 
connected to the output electrode 3 of the 1st piezoelectric transformer component 10 with which the piezoelectric 
transformer of this example consists of a piezo-electric ceramic, and the output electrode 3 of the 2nd piezoelectric 
transformer component 20 is grounded, and it is constituted so that input-electrode 2b of another side of the 2nd piezoelectric 
transformer component 20 may serve as an outgoing end. 

[0020] That is, input voltage Vi is inputted between input-electrode 2a of the 1st piezoelectric transformer component 10, 
and 2b, and the output voltage of the 1st piezoelectric transformer component 10 is impressed between input-electrode 2a of 
the 2nd piezoelectric transformer component 20, and an output electrode 3, and it consists of piezoelectric transformers of 
this example so that the output voltage Vo by which the pressure up was carried out from input-electrode 2b of another side 
of the 2nd piezoelectric transformer 20 may be outputted. 

[0021] According to this configuration, compared with the configuration of the 1st example, the I/O impedance of the 2nd 
piezoelectric transformer component 20 can be enlarged more. 

[0022] When the 1st and 2nd piezoelectric transformer components are formed with the veneer in the piezoelectric 
transformer of this example, Although a pressure-up ratio in case the load impedance RL equivalent to the impedance at the 
time of lighting of a cold cathode tube is 10 M omega is the almost same pressure-up ratio as about about 100 times and the 
piezoelectric transformer of the conventional piezo-electric ceramic simple substance When the load impedance RL 
equivalent to the impedance after lighting of a cold cathode tube was lOOKohm, it was able to become an about 30 times as 
many pressure-up ratio as this, and compared with the conventional thing, the about 3 times as many pressure-up ratio as this 
was able to be obtained. 

[0023] In the configuration of the 1st and 2nd examples of the above, even if it is the piezoelectric transformer of a veneer 
configuration, a big pressure-up ratio can be easily obtained only by connecting a piezoelectric transformer component with 
a low impedance, and a piezoelectric transformer component with a high impedance. 

[0024] In addition, the piezoelectric transformer component used for the 1st and 2nd examples is not limited to the 
piezoelectric transformer component of a veneer mold, and you may make it the piezoelectric transformer component of a 
laminating mold used for it. 

[0025] Moreover, although each above-mentioned example explained taking the case of what used the piezoelectric 
transformer component of the primary die-length vibration [ secondary ], you may make it use the piezoelectric transformer 
component more than using the 3rd die-length oscillation mode. 
[0026] 

[Effect of the Invention] Since the piezoelectric transformer component which becomes the output side of the piezoelectric 
transformer component which consists of a piezo-electric ceramic from a single crystal is touched by the serial according to 
the piezoelectric transformer concerning this invention as explained above, also when load impedance is low, a big 
pressure-up ratio can be easily obtained like [ at the time of lighting of a cold cathode tube ]. 

[0027] Moreover, it is constituted using two kinds of ingredients which a property is large and are different, and the proper 
impedance according to the property of a load can be set up. 

[0028] Therefore, according to this invention, the high piezoelectric transformer of the pressure-up ratio which has the 
suitable load output characteristics according to the property of a load can be obtained easily. 



[Translation done.] 



3/3 



(19)H*H^/f (JP) 



a® ^ M 4f t* ^ $i (a) 



(ii)fcffmsi&ei## 
$OT*F10- 144977 

(43) &m e ¥j£lO*P (1998) 5 n 29 H 







T? T 


u a i t 41 /1 07 




tj n i t /na a 
nu i l *n/ uo t\ 






m&mx mm* fit;#g©&i ol (± 4 h) 


(21)fflK#^ 


^S¥8 - 300558 


(71)|iJiaA 000006231 








(22) USB 


¥/£8*(1996)ll/312B 








(72)«K# ilS 






#«JfrfiW3SClfr*Hc:T g26#10# #5* 









(54) JEE*h7>X 



(57) [gift] 

K3& 2 ©EEm h 5 > 2 0 <Z>—#©A#«ffi 2 a # 
Si^^n. »l©Eth7>^lO0AM®2 
a , 2 b WtCAfinEE V i #A# 3 ft > 9 1 ©Jim h 5 

©AMi2a, 2 brstcErwjnsft. ^2 ©urn h7> 
* 2 0 ©tH^©3 a>6#ffi 2 nfctH^EV o t>mt> 



2a 

3=4 



T 



2b 



2a 

_Z_ 



2Q 

/21 

—i— 



2b 



• / 



1 

[I9*«l] SM-^9 5 'j £'fri~>tj:&fk3i&gb : £— h* 

m&m i <oem h =7 >^^©m^fflj{c8triB^2 <DE.m 

K A#mE ifiXti 3 ti . itffEJS 2 ©Em h -5 

6 m2>mE#aj# s n * c <t s^g* <t -r sEm h ^ > 
[^mommrmm) 

[000 1 ] 
[0002] 

m*<o$m) fit*. ccioEtF^^xa, m 
ssk^-tj^k:. w*pt&it*:©Eii«i©§3;$- 

r6]©K-M¥gP©M^ffi{cA*«fiB2 a . 2 b #»l*JlyT 

<*n. Kt>mttaKt)mm2 &. 2b3&i^$nfcsp 

[000 3] C©E^ h-7>x«. t,»t>i9>5n— 
£Em h ^ > * <b Pftfn Sfi 3 #[61© 1 # $ /c tt 2 
*- KSrffl^fcfc©-?**). 0 4 «C^-T«fc ^ 5C. Afrm 
i2a, 2 bRfltcATJ^EV i fclEPttJU JEE^ft^ijt 
J: 0 . tUt)M& 3 *» 6HE 3 tiic&ti 
IIEEVo*iaX0tii$niJ:^«:*5!c3nru-2.. c©<£ 
5&E^h-7>*©^EJ:btt t A*-/ > f- £W 
* A > f - ^ > *©Jt-C«&&5£ $ n -5. 

[0004] CKDJ^ftJEmh^Xtt. -?-(Dffl^ 

Eik) <DMm$&&i%9m<g<D*tt (mm) sm©^> 

[000 5] 

ftfeWfg® *JTB#© j; ^ tcjtfs ^ > f - ^ > x R t am 
l» (ffjl OMQ) <t*ttA-*fc#?Eit (iftl 0 0{gg 

4f#5Cim5^. te&^©**T&©«fc5K: 
M^f-^R^fi^ (50KQ-1 0 0K 
Q) £*ttl?Eit#/h3< (ifcl 0{£g£) £9. BfM 

[0006J*fc. -Y>f-^>^©iifl^itSa^6^ 
4Emh-7>^«:*jtir» t fi^>b-y>.x©gMb 
K<fc*#EJt©g»6tt/jN$l,^ A*-f>b--#>*£ 
A > b- *>*©tb£A* <i5Ci tffflgtr * 



(2) ^ga^Pl 0- 1 44 9.7 7 

2 

[0007] -g-cr. *&W<DB&K> *Sfc#Etb£ 
[0008] 

10 lia>£&£g£igfi&*- K©IS2©Emh7>*^<!: 

i 2 ©e^ h v is^fn^ifimm s n. mmm 1 ©e*i 

h5>x^{cA^mE^A^33n, mrieJ&2©E^h 
9 > Xgt^*> 6 Hi^mBE^ Hit) <* *i £ C £ £ ttfft t r z> 
t><DV$>2>. 

[ 0 0 0 9 ] ±^(Dmf&«. J:*l«. 2 -3©BEm h 5 > * 
^*JiS?ijK:^3n. A^BE*iA^3n4® 1 ©BE 
^h7>^^«-Y>f-y>^©fi^BEm-fe5 
-CJ&iSSn. ffi^ftE*iffi*Sn-2)»2©Emh7>X 

20 ^«-<>f-^>^©iSc^ifes-cB^3n-cfe»3. 

m&S©*5*TB$© J: -5 tcfi?9 > t- f> X*i 5 0 K 
Q~l 0 OKQitgt^^tCfege*©^©^^^*^ 

[ o o i o ] *fc. ^14©a* < rnfii 2as©Mf4* 

tcMiErj:<< >b--^>^©g93£^tf ^ C S. 

[00 11] -T^fe^. ^Hj{c^4Emh^>^«:i 
txli. -^>b-^>^©A*<^cC-5 2o©Emh^> 
^^5r*«:iS^J{c^-r ifc'WCifM©#BEJ:b?:^fS 
30 Icmzctifi-CSZ. 

[0012] 

[0013] *?m<Dm i lus^tc^^Em h 9 >x© 
t8^s?:0i{c^T. ^uss^E^h^^^i*. ianc 

^-Tcfc^K:. mi©Emh7>^^l 0i»2©ffl 
h7>^^2 Oi^rii^. ll©ESh7>^l 
0©fib^ffi3«:m2©Emh7>^5R^2 0©— ^T© 

40 [OOHjfbt. ®1©E1F7>X^100A 
*li2a, 2 bWKA^J^EEV i *iA^J3n. ^1© 
Elh7>^l 0©ffl^E*iSr2©ESh7>^ 
^2 0©A^3lffi2a, 2bfffltcEn»n3n. 02©E 
^h-7>*2 0©W^^€i3^6^E3n/ca^^BEV 

[00 15] »1©E1 F7>^1 0«^*>K^ 

^^msammcoEEm-t? 5 7 ^M^^^-sEmfie 1 

l*>i/Bt><=>n. 02©ESh5>^iS^-2 0«L i Nb 
O,. L i TaO J 3*©i|ii£&©ElS1£tm*>6&.5E1I 

50 «2 1 *iffli,>e>n, *ti?ti<DE?m 11.21 



• 9 



(3) 

3 

%mvm 3"C7nt,/ck<D<h|nMj£{C. BSJtffiiJ*SB©P5£ffl 
(CA^Uffi 2 a , 2 b ft. flb:&m<Z}ft3 #[6]© 

^l OTtt, 7j3li2a, 2 b#Jfc»iK3ftfcg|tf-> 

«. k JS <fck l-£i#5ja5£<*ft. WA«. 

L i NbO s ©ig^K:«l 28-1 3 3* UK**. 
fflt,>£>ft£„ 

[o o i 6 ] 3-ft*>£. &9mm<DKmh ? >ziz. -c 10 

- K©lfr l ©Em h z> >x l 0 ©m^jfflUK: -Y > tr- 
y>x©iiSl,^ig B ^6'S5S3«ati J &- K©Ur2©EE 

i h7>W2 o^s^sft. ssi©EHh7>xf& 

0(,CXt>mKV i *AAU ^2©BE^h7>X^ 

^2 o 6 atfjmE v o #tftfj s ft* j: *> tcmm <* nt 

C0017] as. 4U&a*»6%*E* h 7 >XgW-© 

^©W>b-^>X (0*^)5 0-1 0 Of&ggi&oT 20 

[0018] ^HJfcWDE-g h 7 >X{cfct,>T. m 1 & 
O'fS 2 (DEEM b ZMfo-CBf& Ltcm&. 

ss©.£*tb$© -f > f - (cta^-r •sa^f-i' > f- 

#>XR t #l OMQ©£*©#?JEJ:b«:ifol OOfSffg 

SEtbt? * £ » , te&«B<g©**T?£© -f > t- Jt 
ta^-r^ft^^^f-^XR,.*!! 0 0KQ©£$» 
i^2 0<S©^ffil:biA«ctQ % ^©*,©{Cl:t:'<^2^©# 
Eifc£?#*C 30 
[0019] JfcK. $&HJ©J&2f|^Wc(fc£EE1I h 7 
>X©^fiS?ria2{C^-r„ ^/fcWDEEIIh^XW:. 
ffi^-fe^S » ^^6^-50 l©JEmh-7>X^l 0© 
UtfjUffi 3 CC^MS^ 6 & 2 (DEEM b?yxm*2 
0(D-l5(DXt)n%2&tfiffl&Zt\. m2©EE-gh-7> 

^^2 Q(Dmt>mm3i*mm2ti. kkdeemy^^ 

XSR^- 2 0 ©f6;£©A;*jm® 2 b £ & * J: 5 C-C 

tBJjXSftTt,**. 

[0020)^9, *^JSPI©BEmh7>Xt?«. Ul 
10Elh7>^f l 0©AAlffi2a, 2bffl(cA 40 
■hMEEM i #A2"3ft. HI l ©EEH h 5 •>**-?■ l 0© 
mt)MS.ffim 2 ©EH h 5 > X JfrF- 2 0 © A^S 2 a 

<tm^ms3 ^©tffltcenttisn. j&2©EHh5>x2 

0©flfcfr©A*jm«&2 b^^ESn/ctti^mffiVodi 

m # s n a j: 5 k ta fi£ 3 n r i > s . 
[002 i ] coMtcj:h«, ist i mmmvmi&ictt 

»2©£Emh7>X5R^2 0©AW^-/>f-y> 
x* J: *) A* < f-5 C £#-C* 4. 



JNFPg^P l 0 - l 4 4 9 7 7 
4 

[0022] *mfom<DEEm i- ^ m i & 

0'm2©"i^h7>X^*m«r»fiSL,/ci©^. ^ 
©.'StfTKJ© ^>f-^>XWISt4ti-f>f- 
^^R^U OMQ©i*CD^EJ:k«^l OOf&SS 

£ft*©EE-g-fe5s 9 *ilM*©Emh7>x£ta:ttfp]t; 
AER-?**-*. ^S«©*«-^©-Y>f-y>x«: 

♦BST4fif-f>t-^R t *ll OOKQOitB 
*tJ3 OfiS©^EEJt<t^«0. Se*©fc©«:W:-<*«)3fg©^ 

[0023] ±ta^ i Rir/S2 mmwomf&i'Cts^x 

X©(£l^Em h ^ > f-^>X©m>Jim 

h =y >X^*m{Cg^4/c^-CAI?J*J:^EEJ:b*'ga 

[0 0 2 4] fcfe. SlR^2HJS0!I«:ffl^6n*E 
#«S©EEmh7>X^K:KS5£3 
ft*4>©-C«&<. «JI§tf©Efth7>X#&^£ffll,>& 
<fc5ici,-CfcJ:«,». 

[0025] */c. ±iBSHSSWI'C« < 1 :-A£/c«:2 * 
©ft<SJSSi©Em h =7 >xSB-7-&fflUfcfc©£0!|K:<fc o 
TiBB^fctf. 3^fe(±©S3®lft*- FZmmOtcEE 

[0026] 

[^©ja*] wiuiBjo/ciocc. xmwic&ZKn 

x^©fiJ^WJ«:#i^a^ Z>EM h 7 >^T-^i£ 
JWcgSft-C^S©"?. ^Kf|gS©.'ii«'B#©J:^K:m^ 
> f- t # (C feAlr^SBEtb fc&gtc f# 

[ 0 0 2 7 ] £ tc. #14©A# < Stt -5 2 affl©^?: 
[0028] l-fcrti-o-C ^WccitltS. ft?5©#f4 

&fcctc&mte-mtiiJj®&zm-?zm&tt(Dm>Km 
cs®©ia*%ittw] 

[fa i ] 3(e^©^ i nig0!i{c^5Em yvisxomm 

[02] *^©^2HS6WK:^iEEmh7>x©^ 

[S3] u&DEmbvi/wmumv&z. 

[04] fif3fe©BE'^h7>X©^fi£!a'C&.5. 
[^#©ittHJ] 

10 SBl©EE-Sh7>Xj&?- 

2 0 ^2©E^h7>^^ 
11.21 ffiUS 

2a. 2 b A^J'Sffi 

3 mjjmm 



(4) 



1 0- 1 4497 7 




